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SUMMARY 
Background: In 2008 and 2009, the authors saw in their institution three 
women who had undergone oocyte donation and went on to develop severe 
de novo hypertension before the 26th week of gestation, with values above 
180/110 mm Hg. Pregnancy was prematurely terminated in these cases 
 because of the acute threat to the mother’s life, and none of the three neo -
nates survived. Five further cases with better outcomes were found to have 
occurred from 2006 to 2010. On the basis of this experience, the authors 
performed a meta-analysis to determine whether oocyte donation elevates 
the risk of pregnancy-induced hypertension (PIH). The cases are discussed 
in detail.

Methods: Systematic review of the literature on PIH after oocyte donation, 
with meta-analysis and calculation of an odds ratio. We also provide a 
retrospective chart review of our own case series.

Results: 28 publications were evaluated. The overall rate of PIH in a total of 
2308 deliveries after oocyte donation was 22.6%. With the aid of data from 
11 studies, the course of pregnancy in a total of 644 oocyte recipients was 
compared to that in a control group of 2320 women who were not oocyte 
recipients. The calculated odds ratio for PIH after oocyte donation, com-
pared to conventional reproductive therapy, was 2.57 (95% CI, 1.91–3.47), 
while the calculated odds ratio for PIH after oocyte donation, compared to 
other women in the control group, was 6.60 (95% CI, 4.55–9.57). 

Conclusion: The data reveal that oocyte donation confers a considerable 
risk that the recipient will develop PIH. The very early and severe cases of 
preeclampsia that we report here are rather atypical; similar cases may 
have occurred elsewhere without finding their way into the relevant litera-
ture. The authors recommend close surveillance of pregnancies following 
allogenic oocyte transplantation by physicians with special expertise in 
prenatal medicine.
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O ocyte donation has been used for more than 25 
years to treat unwanted childlessness (1). As the 

procedure has been prohibited in Germany since the 
law on the protection of embryos was introduced in De-
cember 1990, couples have been using medical services 
in neighboring countries, such as the Czech Republic or 
Spain (2). After a successful embryo transfer, the preg-
nant woman is cared for in Germany in accordance 
with statutory maternity provision. 

As early as in the late 1980s, an increase in the 
 incidence of hypertensive disorders of pregnancy 
(pregnancy-induced hypertension or pre-eclampsia) 
after implantation of donated eggs was reported (3). 
These disorders are defined as new onset hypertension 
≥ 140/90 mm Hg after the 20th week of gestation. How-
ever, the risk for hypertensive complications as a result 
of oocyte donation has been the subject of controversy 
ever since the procedure was first introduced. An 
 increased incidence in hypertensive disorders of preg-
nancy has also been ascribed to the causative factors of 
infertility that are responsible for the decision to under-
go assisted reproduction. These include older maternal 
age or primary infertility in the woman (4). Multiple 
pregnancy, which is common after the implantation of 
several embryos (in Germany up to 3 are allowed), are 
an additional risk factor (5).

Recently, a death subsequent to postpartum eclamp-
sia with HELLP syndrome following egg donation was 
reported in the Netherlands (6).

In the past 4 years we have treated 8 women with 
pre-eclampsia following oocyte donation. The follow-
ing report describes in detail 3 particularly severe cases 
in 2008/09. Another 5 cases with a milder course are 
shown in a table. In order to assess the risk of hyperten-
sive disorders of pregnancy after egg donation—while 
bearing in mind maternal age and multiple pregnan-
cies—we conducted a meta-analysis of the topic.

Method
Some case reports relate to patients seen in 2006–2010, 
who, as the clinicians concerned recall, developed pre-
eclampsia following egg donation. Pre-eclampsia was 
defined using standard criteria (7). A case note review 
was conducted. Basic clinical information including 
risk factors for hypertensive disorders of pregnancy 
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were recorded, along with pregnancy outcome, 
 gestation at birth, mode of delivery, and data on the 
neonatal outcome were recorded.

We searched PubMed and the search engines MedPi-
lot and Google (only the first 250 hits) for combi-
nations of the search terms “pre-eclampsia or hyperten-
sion” and “maternal, perinatal, or obstetric outcome” 
and “oocyte or ovum donation”. In addition, we 
 reviewed the reference lists of relevant articles. The 
 included studies were not subject to any language 
 restriction. Case reports, studies including fewer than 6 
egg donations, and reviews were not included. Where 
the same working groups had posted several publi-
cations that reported on patients from the same recruit-
ment center and over the same time period, the most re-
cent study was included or patient groups with identical 
characteristics excluded. We counted pregnancies with 
deliveries after the 24th week of gestation (a patient 
may be counted several times if she gave birth to more 
than one baby during the study period). The number of 
women with hypertensive disorders of pregnancy from 
each group was recorded. Control groups, where they 
existed, were recorded as ART (other assisted reproduc-
tive technologies, such as IVF with autologous oocytes 
or insemination) or NC (natural conception or mixed 
groups with natural conception and ART).

The software package SAS was used to evaluate the 
data. The graphical representations were done using 
MedCalc. We calculated odds rations (OR) with 95% 
confidence intervals for the development of hyperten-
sive disorders of pregnancy according to the random 
 effects model (DerSimonian–Laird) while considering 
heterogeneity between groups.

Case series
Case 1
A 36 year old primigravida with no pre-existing pathol-
ogy decided to undergo oocyte donation after several 

unsuccessful attempts at intracytoplasmic sperm injec-
tion (ICSI) with autologous oocytes because of an-
drogen related infertility. After successful fertilization 
with her partner’s sperm and uncomplicated implan-
tation, the early pregnancy took a normal course up to 
week 16. At that time, a fetal developmental delay of 
around 10 days was seen on ultrasonography. Karyo-
typing by chorionic villus biopsy yielded a normal 
 result. In the 19th week of gestation the patient was 
 admitted to the authors’ hospital with new onset arterial 
hypertension (peak values 220/120 mm Hg), protein -
uria (3 g/dl), and increasing edema, as well as pleural 
effusions and increasing sickness. Nephrotic syndrome 
and an antibody-associated systemic disorder were 
ruled out, as were infectious causes (via TORCH serol-
ogy). During the course of the patient’s illness she de-
veloped hemodynamic insufficiency with pericardial 
effusion and pulmonary hypertension with new onset 
mitral and tricuspid regurgitation. In view of the risk to 
the life of the mother and poor prognosis for the growth 
restricted fetus, the pregnancy was terminated in the 
20th week. The fetus weighed 120 g. Placental histology 
was inconclusive. Within 3 months the woman had re-
covered, except for persistent mild mitral insufficiency.

Case 2
A 46 year old normotensive woman with normal renal 
function decided to undergo oocyte donation because 
of primary infertility, and her age. The egg was fertil-
ized using her husband’s sperm. During the preparation 
for the implantation of 2 zygotes the endometrium was 
treated with steroids. A singleton pregnancy resulted. 
When the patient was referred to the perinatal center at 
the authors’ hospital in the 22nd week of gestation, she 
had developed the complete clinical picture of pre-
eclampsia, with a mean blood pressure of 180/115 mm 
Hg on 24 hour monitoring, 3+ of proteinuria, and 
marked pulmonary edema. Because she rapidly 

TABLE 1

Clinical characteristics and obstetric development in 5 patients with hypertensive disorder of pregnancy in 2005-2009,  
who had undergone oocyte transfer

Case

4

5

6

7

8

Age 
(years)

40

36

50

39

44

Week of 
ges tation on 
admission 

36 + 0

36 + 5

29 + 4

35 + 4

31 + 6

  Occasional blood 
pressure on ad-
mission (mg Hg)

170/115

170/110

165/110

155/90

140/90

Risk factors (RF) and
 Complications (C) 

RF: Obesity, gestational diabetes 
 requiring insulin

RF: Pre-existing hypertension,
C: fetal growth restriction

RF: Pre-existing hypertension, 
C: proteinuria 8 g/d, signs of fetal 

 hypoxia

RF: Twin pregnancy

C: Fetal growth restriction

Week of 
 gestation at 
birth 

37 + 3

37 + 0

30 + 2

36 + 2

33 + 1

Mode of birth

Elective caesar -
ean section

Elective caesar -
ean section

Emergency 
 caesarean 
 section

Elective caesar -
ean section

Elective 
 caesarean 
 section

 Outcome for the fetus 

Liveborn hypertrophic neonate >90th 
percentile

Liveborn, hypotrophic neonate <10th 
percentile

Liveborn premature singleton, 
 normal weight

Liveborn premature twins, normal 
weight

Liveborn premature hypotrophic 
 singleton <10th percentile
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TABLE 2

Meta-analysis of 28 studies of the risk of hypertensive disorders of pregnancy after occyte donation

Authors

(e1) Serhal 
et al. 

(e2) Pados 
et al.

(e3) Michalas 
et al.

(e4) Sauer 
et al.

(e5) Kooper -
smith et al.

(e6) Remohi 
et al.

(e7) Wolff
 et al.

(e8) Abdalla 
et al.

(e9) Söder-
ström-Anttila 
et al.

(e10) Yaron 
et al.

(e11) Foudila 
et al.

(e12) Salha 
et al.

(e13) Anselmo 
et al.

(e14) Antinori 
et al.

Year

1989

1994

1996

1996

1997

1997

1997

1998

1998

1998

1999

1999

2001

2002

Aim of the study

Report of experiences with oocyte dona-
tion from 75 treatment cycles

Pregnancy rate and outcome after 336 
cycles of oocyte donation in 199 pa-
tients with regard to whether the ovaries 
are functional (premature ovarian dys-
function vs functional ovaries)

Pregnancy risks after oocute donation in 
women <40 years vs >40 years, con -
trolled for multiple fetuses

Report of experiences with pregnancy 
rates and outcomes after 218 oocyte 
donations in 162 women ≥45 years of 
age

Obstetric result and risk factors after 
 oocyte donation in women >40 years vs 
women <40 years

Evaluation of cumulative pregnancy rate 
and proportion of live births after oocyte 
donation

Comparison of perinatal results after 
 oocyte donation vs natural conception 
paired by several demographic and 
 medical variables and controlled for age 
and multiple fetuses

Obstetric result after oocyte donation in 
women <40 years vs ≥40 years

Pregnancy outcome after oocyte dona -
tion in women <35 years vs ≥35 years 
and controlled for multiple fetuses 
 compared with ART

Factors influencing the pregnancy rate 
after oocyte donation in 1011 oocyte 
 donation cycles; calculation of the inci-
dence of pregnancy-related complica -
tions and the obstetric outcome

Report of experiences with oocyte dona-
tion in 18 women with Turner syndrome

Influence of donor gametes (oocyte 
 donation/sperm donation) on the 
 incidence of hypertensive disorders of 
pregnancy in cases paired by age, 
 parity, and demographic background 
 after excluding high risk chronic 
 disorders

Oocyte donation after chemotherapy 
and/or radiotherapy for Hodgkin's 
 disease

Obstetric outcome and risk factors after 
oocyte donation in women aged 45–50 
years vs >50 years in a carefully 
 selected cohort after exclusion of 
 chronic disorders—a 12-year report

Study
design

Retro -
spective

Retro -
spective

Retro -
spective

Prospective 
observa -
tional

Retro -
spective

Retro -
spective

Retro -
spective 
 case control 
study

Retro -
spective

Prospective 
observa -
tional cohort 
study

Retro -
spective

Retro -
spective

Retro -
spective 
 case control 
study

Retro -
spective

Retro -
spective

Study groups

Oocyte donation

Oocyte donation

Oocyte donation

Oocyte donation

Oocyte donation

Oocyte donation

Oocyte donation 
Natural conception

Oocyte donation

Oocyte donation 
ART

Oocyte donation

Oocyte donation

Gamete donation
– donor 

 insemination 
– oocyte donation
– embryo donation 

NC 
– partner 

 insemination 
– natural 

 conception 
– natural 

 conception

Oocyte donation

Oocyte donation 
≥45

Mean 
maternal 
age  
(years)

*38.6

*32.8

N/A

47.3

N/A 

N/A

N/A
N/A

N/A

33.5
33.4

N/A

*30.0

30.9

 38.1
 36.7

 37.2
 
30.9

36.2

31.2

N/A

(n)

OD

21

52

57

74

30

254

46
–

140

51
–

155

11

27 
12

–

–

–

6

363

ART

–

–

–

–

–

–

–
–

–

–
97

–

–

33

–
–
 
33

–

–

–

–

NC

–

–

–

–

–

–

–
 49

–

–
–

–

–

–

–
–

–

 27

 12

–

–

% hypertensive 
disorders of 
 pregnancy

OD

38.1

32.7

14.0

16.2

16.7

11.4 

19.6 
–

22.9

27.5 
–

15.5

36.3

–
 
33.3 
33.3

–

–

–

50.0

13.0

ART

–

–

–

–

–

–

–
–

–

–
 13.4

–

–

27.3

–
–

 3.0

 –

–

–

–

NC

–

–

–

–

–

–

–
2.0

–

–
–

–

–

–

–
–

–

7.4

 0.0

–

–
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Inclusion criteria: studies in any language were included that reported pregnancy outcomes and obstetric complications for deliveries from 24+0 weeks' gestation after embryo transfer of a heterol -
ogous oocyte (oocyte donation [OD]). Control groups, where they existed, were noted as ART = other assisted reproductive technologies. such as in vitro fertilization (IVF) with autologous oocytes 
or insemination) or as NC (natural conception or mix of natural conception and ART). Case reports and studies with fewer than 6 oocyte donations and reveiws were not included. Where the same 
working group had published several study reports on patients from the same recruitment center and period, the most recent study was included or patients with the same characteristics excluded.  

N/A: data were not published or only for subgroups; *mean value relates to all patients who were initially included in the study and does not reflect the mean for those women whose data were 
 included in the final evaluation of pregnancy outcomes

(e15) Giel-
chinsky et al.

(e16) Paulson 
et al.

(e17) Sheffer-
Mimouni et al.

(e18) Porreco 
et al.

(e19) Soares 
et al.

(e20) Wiggins 
et al.

(e21) Bodri 
et al.

(e22) Henne 
et al.

(e23) Keegan 
et al.

(e24) Poranen 
et al.

(e25) Krieg 
et al.

(e26) Amera-
tunga et al.

(e27) Simchen 
et al.

(e28) Gundo-
gan et al.

2002

2002

2002

2005

2005

2005

2006

2007

2007

2007

2008

2009

2009

2010

Obstetric result after oocyte dona tion 
and natural conception in women ≥45 
years

Pregnancy outcome after 121 oocyte 
donations in 77 postmenopausal women 
≥50 years in a selected cohort, exclud -
ing chronic diseases; comparison <55 
years vs ≥55 years

Perinatal outcome in singleton pregnan-
cies after oocyte donation in mothers 
<45 years vs ≥45 years

Obstetric outcome in women ≥45 years 
vs control group (NC<36 years), 
 randomized and paired by parity and 
 multiple fetuses

Results of 3089 embryo transfers after 
oocyte donation for successful nidation 
and pregnancy outcome comparing 
 women <45 years of age vs ≥45 years, 
and controlled for multiple fetuses

Pregnancy outcomes after oocyte 
 donation compared with ART in patients 
paired by socioeconomic status

Report of experiences with oocyte dona-
tions in 21 women with Turner syndro-
me

Pregnancy-related complications after 
oocyte donation compared with women 
of advanced age and autologous oocy-
tes

Pregnancy outcomes after oocyte dona-
tion in women <35 years and ≥40 years 
compared with ART (IVF) patients of the 
same age, controlled for multiple 
 fetuses

Obstetric result after oocyte donation in 
multiple fetuses vs singletons

Pregnancy related complications after 
oocyte donation compared with ART 
with autologous oocytes controlled for 
age and multiple fetuses

Pregnancy rates and obstetric result af-
ter oocyte donation in women with pre-
mature ovarian dysfunction (<40 years) 
and postmenopausal women (≥40 
 years) 

Investigation of the pregnancy risk in 
women ≥40 years with multiple fetuses

Placental morphology and immunohisto-
chemistry with regard to immune-
 mediated pathology in 20 oocyte 
 donations vs 33 IVF procedures, while 
capturing the clinical/obstetric outcomes

Retrospec -
tive case 
control study

Retro -
spective

Retro -
spective

Retro -
spective 
 case control 
study

Retro -
spective

Retrospec -
tive case 
control study

Retro -
spective

Retrospec -
tive cohort 
study

Retrospec -
tive case 
control study 
Question -
naire

Retro -
spective

Retrospec -
tive case 
control study

Retro -
spective 
 case control 
study

Retrospec -
tive case 
control study

Retro -
spective 
 case control 
study

Oocyte donation 
Natural conception

Oocyte donation

Oocyte donation

Oocyte donation 
≥45 years
NC ≥45 years
 NC <36 years

Oocyte donation

Oocyte donation 
ART

Oocyte donation

Oocyte donation 
Autologous oocyte

Oocyte donation 
ART

Oocyte donation

Oocyte donation 
ART

Oocyte donation

Oocyte donation 
NC

Oocyte donation 
ART

47.6

*52.8

41.3

*47.0 
*47.0 
29.0

*38.9

41.9
37.7

*33.1

45.3
41.6

N/A
N/A

35.8

42.7
41.3

N/A

N/A
31.6

43.0
37.3

N/A

40

134

39
 –
–

106

50
 –

8

69
 –

190
–

92

71
 –

58

125
 –

20
 –
–

27
 –

–

–

–
–
–

–

–
50

–

 –
–

–
 488

–

–
108

–

–
–

–
 33
 –

 –
 –

–

–

–
11
50

–

–
–

–

681

–
–

–

–
–

–

–
417

–
–
–

231

35.0

27.6 

51.3
–
–

13.2 

38
 –

62.5

37.7
–

27.9
–

22.1 

18
 –

13.8

44.8
–

30.0
 –
–

11.0
 –

–

–

–
–
–

–

–
12

–

–
–

–
12.5

–

–
15

–

 –
–

–
9.1 
–

 –
 –

 –

 –

–
22.0
9.1

–

–
–

–

–
9.3

–
–

–

–
–

–

–
9.1

–
–
–
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 developed HELLP syndrome, the decision was made at 
21+6 weeks of gestation to terminate the pregnancy by 
caesarean section. The female neonate weighed 260 g 
and died immediately after delivery while receiving 
pediatric palliative treatment. The patient still had mild 
hypertension one year later.

Case 3
A 45 year old primigravida underwent several insemi-
nations and one attempt at ICSI for primary ovarian 
failure. Owing to her life partner’s oligo-astheno-
 teratozoospermia (OAT III) syndrome, the donor 
 oocytes were fertilized using donor sperm. The early 
pregnancy was accompanied by severe hyperemesis 
gravidarum. At 25+3 weeks of gestation the patient was 
referred to the authors’ hospital by her gynecologist 
with discomfort, abdominal pain, headache, and diar-
rhea of unknown origin. Her blood pressure measure-
ment was 185/105 mm Hg and urinalysis showed 3+ of 
proteinuria. Her blood pressure was only moderately 
controlled with maximal treatment. About a week later, 
the pregnancy was terminated when she excreted 7 g/d 
of protein and had oliguria and raised transaminases. 
The female fetus weighed 760 g. In the postpartum 
period, the patient developed dyspnea with bilateral 
pleural effusion and was temporarily admitted to inten-
sive care. After her clinical condition had improved she 
was discharged on the 16th day after the birth while 
 remaining on antihypertensive medication. The prema-
ture baby died after 8 weeks.

Two years later the patient decided to undergo 
 another attempt at blastocyst transfer in the same fertili -
zation center. According to the patient, an increased 
risk for pre-eclampsia after oocyte donation was denied 
in spite of her asking the question explicitly. She 
 received a cryopreserved blastocyst from the same 
 donors (oocyte/sperm). This time the pregnancy was 
monitored closely at the patient’s own request and after 
expert opinion had been sought in Germany, and sec-
ondary prophylaxis with acetylsalicylic acid was given. 
After her pregnancy progressed normally initially, in 
the 35th week her weight increased drastically, at 2 kg 
per week, with pronounced edema and bilateral carpal 
tunnel syndrome. Because of rising blood pressure up 
to 145/80 mm Hg and in view of her medical history 
the patient was delivered of a normal-weight infant by 
elective caesarean section at 36+0 weeks’ gestation. 
Three months after giving birth, she still had bilateral 
carpal tunnel syndrome; otherwise her postpartum 
 history was normal.

Cases 4–8 are shown in Table 1.

Result of the literature review
Altogether 863 hits from the search engines were re-
viewed for relevance. Of these, 33 reports contained 
data on progressions of pregnancies and complications 
after 24+0 weeks’ gestation after egg donation. Five 
publications were excluded because they were publi-
cations of cases described previously. 28 reports (2308 
deliveries after oocyte donation) were included in our 

FIGURE 2

Forest plot showing the risk for hypertensive disorders of pregnancy after oocyte donation as 
odds ratios with 95% confidence intervals according to the random effects model compared 
with women with pregnancy after assisted reproductive interventions, but of autologous 
 oocytes, such as for example IVF or insemination. The association was investigated in 6 
studies. (e9, e12, e20, e23, e25, e28). df=5, I2=10.6%. Test for heterogeneity: p = 0.477.
Studies in any language were included that compared the outcome of pregnancy and obstet-
ric complications during delivery after 24+0 weeks’ gestation after embryo transfer of a het-
erologous oocyte (egg donation) with a control group. Studies with fewer than 6 participants 
in each group were not included.

FIGURE 1

The forest plot shows the risk calculation for hypertensive disorders of pregnancy as odds 
ratios with 95% confidence intervals according to the random effects model after oocyte 
 donation compared with women with deliveries of autologous oocytes. It was not clear from 
the 5 studies whether or to what extent assisted reproductive interventions preceded the 
pregnancies in the control group. (e7, e15, e18, e22, e27). df=4, I2=21.2%. Test for 
 heterogeneity: p = 0.509.
Studies in any language were included that compared the outcome of pregnancy and obstet-
ric complications during delivery after 24+0 weeks’ gestation after embryo transfer of a het-
erologous oocyte (egg donation) with a control group. Studies with fewer than 6 participants 
were not included
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evaluation (Table 2). The rate of hypertensive disorder 
of pregnancy in these women was 22.6% (522/2308). 
26 studies reported a proportion of multiple pregnan-
cies (24.3%; 541/2223). In 15 studies from which the 
mean age of all patients could be concluded, this was 
42.1 years. In these women the rate of hypertensive dis-
orders of pregnancy after oocyte donation was 28.3% 
(250/882).

Nine articles calculated the proportion of hyperten-
sive disorders of pregnancy at 24% (164/683). Multiple 
pregnancies after oocyte donation are affected by hy-
pertensive disorders of pregnancy almost twice as often 
as others (7 studies, odds ratio [OR] 1.95, 95% confi-
dence interval [CI] 1.368 to 2.796). Maternal age has a 
significant effect (7 studies comparing 2 age groups, 
OR 1.65, CI 1.206 to 2.246). In 11 studies the progres-
sion of the pregnancies after oocyte donation was com-
pared with a control group (644 oocyte donations, 2320 
NC+ART). The results are shown in Figures 1 and 2 
and in Table 2.

The OR for developing a hypertensive disorder of 
pregnancy after oocyte donation compared with ART 
was 2.57 (CI 1.91 to 3.47) and compared with NC 6.60 
(CI 4.55 to 9.57). Only one controlled study investi-
gated the rate of hypertensive disorders of pregnancy 
specifically in relation to maternal age (<35 years vs 
≥40 years) and adjusted for multiple pregnancies after 
oocyte donation compared with ART. The authors of 
that particular study concluded that young recipients of 
oocyte donations have the highest relative risk for hy-
pertensive disorders of pregnancy (singletons: OR 8.73, 
CI 1.896 to 40.224) compared with the ART control 
group, and independently of the number of fetuses (e23).

However, in terms of their methodology, most of the 
studies are retrospective clinical reports. Only 2 studies 
reported a randomization protocol for the allocation of 
the controls (e9, e18). Two studies had a prospective 
design (e4, e8).

Discussion
About 2% of all deliveries in Germany occurred fol-
lowing reproductive technologies (8). In some in-
stances, however, unwanted childlessness cannot be 
treated using the procedures that are licensed under 
German law. Couples therefore take opportunities to re-
ceive oocyte donations in the fertility centers of neigh-
boring countries. Internet advertisements from com-
panies abroad are highly targeted at the German speak-
ing clientele, and the term used in this context is that of 
reproductive medical tourism (2).

Following embryo transfer, further care is provided 
in Germany according to the maternity guidelines of 
the Federal Joint Committee (G-BA) of physicians and 
health insurers. The primary aim of medical care during 
pregnancy is the early detection of risk pregnancies and 
births. If existing risks are not identified then adequate 
monitoring of the pregnancy is not possible. The low 
acceptance of egg donation in the German population 
(2) may cause women to fear stigmatization. Legal 
 aspects can cause further uncertainties for couples and 

TABLE 3

Risk calculation for hypertensive disorders of pregnancy after oocyte 
 donation compared with natural conception (NC) and/or other assisted 
 reproductive interventions (ART)

The risk is shown as odds ratios (OR) with 95% confidence intervals (95% CI). In the 6 studies that com -
pared oocyte donation (OD) with ART, subgroup analyses were conducted of the influence of maternal age 
and the risk for singleton pregnancies (e7, e9, e12, e15, e18, e20, e22, e23, e25, e27, e28). Studies in any 
language were included that compared the outcome of pregnancy and obstetric complications in deliveries 
from 24+0 weeks' gestation after embryo transfer of a heterologous oocyte (oocyte donation) with a control 

group. Reports of less than 6 patients in each group were not included. Where a working group had pub -
lished several reports on patients from the same recruitment center and recruitment period, the most recent 

report was included or patient groups with the same characteristics excluded

Control group comparison

11 studies comparing oocyte 
 donation vs NC + ART
No of patients who had undergone 
oocyte donation (n)
No of patients who developed 
pregnancy-induced 
hypertensive disorders (n) 
% hypertensive disorders of 
 pregnancy

6 studies comparing oocyte 
 donation vs ART
No of patients who had undergone 
oocyte donation (n)
No of patients who developed 
pregnancy-induced 
hypertensive disorders (n)
% hypertensive disorders of 
 pregnancy

1 study comparing oocyte 
 donation vs ART controlled for 
maternal age (age <35years)
No of patients who had undergone 
oocyte donation (n)
No of patients who developed 
pregnancy-induced 
hypertensive disorders (n)
% hypertensive disorders of 
 pregnancy
Mean age (years)

1 study comparing oocyte 
 donation vs ART controlled for 
maternal age (age >40 years)
No of patients who had undergone 
oocyte donation (n)
No of patients who developed 
pregnancy-induced 
hypertensive disorders (n)
% hypertensive disorders of 
 pregnancy
Mean age (years)

2 studies comparing oocyte 
 donation vs ART, only singleton 
pregnancies
No of patients who had undergone 
oocyte donation (n)
No of patients who developed 
pregnancy-induced 
hypertensive disorders (n)
% hypertensive disorders of 
 pregnancy

OD

644

197

30.6

421

120

28.5

19

8

42.11

31.7

171

44

25.73

43.9

153

35

22.9

NC/ART

2270

226

10

842

115

13.7

296

35

11.82

31

192

26

13.54

41.4

395

33

8.4

OR

3.87

2.57

5.42

2.21

3.25

95% CI

2.61–5.74

1.91–3.47

2.04–14.40

1.29–3.78

1.94–5.47
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result in patients’ withholding from their doctor in Ger-
many the origin of the pregnancy. In addition to the 
prohibition of egg donation in Germany, the fact that 
the genetic and birth mothers are not identical can lead 
to situations of legal conflict. In Germany the woman 
giving birth is always the natural mother (9), but this is 
not the case in other countries.

The scant experience of Germany’s gynecologists 
with oocyte donation may result in reduced attention. 
Furthermore, a lack of patient information given in fer-
tility centers abroad may result in the patients feeling 
safe when this is not warranted.

The incidence of hypertensive disorders of pregnan-
cy is 5% to 7%. With more than 50 000 deaths per year, 
these disorders account for 12% to 18% of maternal 
mortality worldwide (7). An early diagnosis can favor-
ably influence the outcome. However, the only cau-
sative treatment in potential life threatening multiorgan 
disease that is currently available is termination of the 
pregnancy (7, 10). Women who are desperate to have 
children may find this particularly difficult to accept, 
even in situations of acute danger, especially when the 
fetus is close to being viable (usually from 24+0 weeks’ 
gestation).

On the basis of the available data, this meta-analysis 
found an increased relative risk for hypertensive dis-
orders of pregnancy subsequent to oocyte donation. 
This effect is independent of maternal age, multiple 
pregnancies, and reproductive interventions. In 28 
studies, the respective authors found multiple associ-
ations between hypertensive disorders of pregnancy 
and egg donation. Only the study reported by Krieg et 
al. did not find a significant difference between women 
after oocyte donation (n = 71) compared with ART 
using autologous oocytes (n = 108). Maternal charac-
teristics including age (mean 42.7 years in oocyte dona-
tion and 41.3 years in ART) were similar in this retro-
spective study. The absolute numbers still show an 
 increased incidence of hypertensive disorders of preg-
nancy in both study groups (oocyte donation 19%, ART 
15%) compared with their incidence in the normal 
population (e25). Krieg et al. advised caution when 
 interpreting studies with non-comparable control 
groups. It is difficult to set up an adequate control 
group because the rate of spontaneous conception in the 
over 40s drops notably, and it is these women who con-
stitute the main clientele for oocyte donation programs.

Keegan et al. did justice to this problem and in 2007 
published a controlled retrospective study including 
190 deliveries after oocyte donation compared with 488 
live births after ART. They studied the incidence of 
 hypertensive disorders of pregnancy dependent on 
 maternal age (<35 years vs >40 years) and multiple 
pregnancies. Surprisingly, they found an increased 
 incidence in hypertensive disorders of pregnancy 
 especially in the group of women younger than 35 who 
had undergone oocyte donation compared with the rel-
evant control group. Keegan et al. explain the increased 
rates of hypertensive disorders of pregnancy in this 
group with ovarian dysfunction in these patients (e23).

FIGURE 3

Hypothetical causes and pathomechanisms of pre-eclampsia (according to Sibai et al, 2005)
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Other authors explain the development of hyperten-
sive disorders of pregnancy after oocyte donation with 
immunological processes (e1, e12, e17, e20, e23). Con-
trolling the immune response to the developing fetopla-
cental unit as an allograft is one of the biggest chal-
lenges for the pregnancy. Disrupted immune adaptation 
is assumed to be the central cause in the development 
of pre-eclampsia (11). The focus is on the interaction of 
fetal HLA-C antigen with maternal natural killer cells 
(NK cells) (12, 13). Through the NK cells, produced 
cytokines influence the trophoblast-mediated modu-
lation of the uterine spiral arteries (4, 14, 15). Disturbed 
trophoblast invasion and therefore reduced endovascu-
lar transformation of the spiral arteries will result in 
pre-eclampsia via placental ischemia (16). This means 
that according to what is currently known the onset of 
pre-eclampsia occurs in the early stages of pregnancy 
(17). Figure 3 shows the hypothetical patho mechanism 
for the development of pre-eclampsia.

Furthermore, the circumstances that lead to choosing 
oocyte donation may favor the development of hyper-
tensive disorders of pregnancy. Early ovarian dysfunc-
tion, for example, is associated with maternal anti-
bodies against the zona pellucida and against granulosa 
cells, which leads to interference with invasive tro-
phoblast cells on the endometrial border and can cause 
disrupted trophoblast invasion, such as occurs in pre-
eclampsia (18).

In most studies, terminations of pregnancies and 
miscarriages/births before 25 weeks’ gestation were not 
captured. The rate of terminations after oocyte donation 
for maternal indications could therefore not be found 
out. The 3 cases presented by the authors in this article 
are extreme cases but may not be exceptions.

Conclusion
The results reported in the recent literature show an 
 increased relative risk for hypertensive disorders in 
pregnancy after fertilization by means of a hetero -
logous oocyte (egg/oocyte donation). Patients who 

have undergone oocyte donation in fertilization centers 
abroad should be explicitly asked whether they have 
undergone egg donation. In addition to close monitor-
ing of the pregnancy, the women should if possible be 
under the care of obstetricians specializing in materno -
fetal medicine.
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